ABSTRACT. Hydrological and hydrochemical monitoring of paired watersheds in the High Arctic was conducted in 2003 -04 to investigate the influence of seasonal runoff on lake water chemistry and productivity. Despite similar limnological conditions overall between the two lakes, marked differences in aquatic productivity were attributed to watershed and basin morphology and the resultant influences on lake ice deterioration and growing season length. A switch from allochthonous to autochthonous sources of carbon late in the season reflected the simultaneous decline in river runoff and increase in aquatic productivity as the growing season progressed. However, low air temperatures and protracted snowmelt and ponding in the deeply incised channel of one river in 2003 led to greater solute accumulation in runoff that was discernable in hydrochemical profiles of that lake, even though runoff was greater in 2004. Notwithstanding, calculated nutrient fluxes were greater during the higher-flow year (2004), but mixing was impeded by underflow conditions in the lakes. Despite these differences, connections between river and lake water chemistry appeared weak even with marked seasonal changes in the volume of runoff. Our results highlight the interconnection between site-specific features and hydroclimatic factors like snowmelt and lake ice conditions in influencing limnological conditions and suggest that similar systems may respond differently to the same hydroclimatic conditions.
INTRODUCTION
Knowledge about the potential impacts of climate change on northern freshwaters is insufficient, despite the fact that the Arctic is warming faster than anywhere else (ACIA, 2004; White et al., 2007) . In particular, the sensitivity of Arctic aquatic ecosystems to changing hydroclimatic conditions is uncertain, which makes it difficult to anticipate the response of these systems to continued climate change. Yet evidence of changing hydrologic conditions with direct implications for northern aquatic ecosystems is mounting. Changes have been noted in permafrost and active-layer temperature and depth (Frauenfeld et al., 2004) ; glacial thickness and extent (Abdalati et al., 2004; Burgess and Sharp, 2004) ; the areal extent of lakes, ponds, and wetlands (Smith et al., 2005; Walter et al., 2006; Smol and Douglas, 2007) ; precipitation and winter snow cover (Serreze et al., 2002; Peterson et al., 2006) ; the timing of snowmelt and subsequent discharge patterns (Déry and Wood, 2005; McClelland et al., 2006) ; and aquatic algal and invertebrate assemblages . Such changes, particularly in combination, are likely to change water quality fundamentally and alter the structure and function of Arctic aquatic ecosystems.
Although long-term monitoring of Arctic freshwaters is generally lacking, recent efforts to document baseline physical and chemical limnology across the Canadian Arctic have been significant, particularly for small lakes and ponds (e.g., Keatley et al., 2007) . Seasonal changes in limnology and hydrochemistry may be crucial to understanding how aquatic ecosystems are likely to respond to future hydroclimatic change, but our understanding of these changes remains limited (Forsström et al., 2007) .
The importance of intra-and interannual changes in limnology may be especially relevant to high-latitude systems, where extreme seasonality subjects aquatic ecosystems to a wide range of hydroclimatic conditions over a relatively short growing season. An intense spring runoff period caused by rapid melting of winter snowpack characterizes the Arctic hydrological cycle. In summer, precipitation is typically low, and greater soil storage reduces hydrologic connectivity, which means that the bulk of runoff occurs during a brief spring freshet. Changes in catchment hydrology and the subsequent delivery of nutrients and other constituents to lake basins could affect aquatic ecosystems significantly, particularly in systems characterized by low productivity and oligotrophic conditions. This paper aims to help fill these knowledge gaps by 1) documenting the physical and chemical limnology of two relatively large lakes and their major sources of inflow in the Canadian High Arctic; 2) identifying the influence of sitespecific factors and the range of hydrochemical responses generated by the same hydroclimatic conditions through comparison of two physiographically similar and adjacent catchments; and 3) assessing the limnological response to intra-and interannual hydroclimatic variability to help shed light on the sensitivity of High Arctic lake ecosystems to future hydroclimatic scenarios.
MATERIALS AND METHODS

Site Description
Cape Bounty is situated on the south-central coast of Melville Island in the Canadian High Arctic (74˚55′ N, 109˚35′ W; Fig. 1 ). Bedrock geology consists of weathered Palaeozoic sand and siltstones overlain by Holocene marine and glacial sediments (Hodgson et al., 1984) . The study site lies in the area of continuous permafrost, with a maximum summer active (thawed) layer of less than 1 m. The catchments are composed of low-relief hills (< 120 m a.s.l.) with sparse vegetation cover characterized by dwarf shrub tundra. Wet sedge meadow, consisting primarily of bryophytes, cotton grass, and sedges, is found in moist, low-lying areas (Atkinson and Treitz, 2007) .
Climate conditions consist of long, cold winters and short growing seasons with limited precipitation. Mean annual precipitation (1971 Mean annual precipitation ( -2000 at Mould Bay, Prince Patrick Island (Fig. 1) in the West catchment is attributed to the steeper gradient, which results in deeper gullies and channels where drifting snow collects disproportionately (Cockburn and Lamoureux, 2008a; McDonald and Lamoureux, 2009) . Summer precipitation at Cape Bounty is limited to occasional lowintensity events, typically less than 10 mm•day -1
. At Mould Bay, mean daily temperatures range from -34˚C in February to 4˚C in July (Meteorological Service of Canada, 2002) . At Cape Bounty, mean July air temperature was 4˚C in 2003 and 2.5˚C in 2004.
The study site consists of two adjacent and physiographically similar watersheds, unofficially named "West" and "East" ( Fig. 1 ; Table 1 ). The West catchment is smaller than the East catchment and has a slightly steeper gradient, with deeper channels and greater vegetative coverage (Atkinson and Treitz, 2007) . Both have tributaries that feed a principal stream flowing into the north end of the lake. While the lakes are morphologically quite similar, East Lake is shallower than West Lake and has a greater surface area, resulting in a higher surface area-to-volume ratio (Table 1) .
Sample Collection
Water samples were systematically collected from the river gauging stations and moats of both lakes (Fig. 1 ) every 5 or 6 days from snowmelt to early August in 2003 and 2004 . Lake water samples were collected from moats rather than more centrally to capture conditions representing the most productive part of the lake. Moat widths increased through the season as lake ice diminished, from approximately 3 m to over 20 m by the end of the sampling period, but samples were consistently collected from 30 cm below the surface in approximately 1.5 m of water. River samples were collected at or just below the water surface, depending on stream depth. Samples were immediately partitioned and filtered following standard procedures outlined by Environment Canada (1994 ). Lake profiles of electrical conductivity were conducted on samples drawn at 1.5 m depth intervals from approximately the middle of the ice pan of both lakes using a Kemmerer sampler and methods described above. Throughout the 2003 and 2004 hydrologic seasons, streamflow characteristics (e.g., discharge and water temperature) were monitored for both rivers, and three meteorological stations recorded weather conditions (e.g., air temperature and precipitation). Hydrological and meteorological details are reported in Cockburn and Lamoureux (2008a) .
RESULTS
Seasonal Hydroclimatic Variability
Hydrographs for both seasons show the characteristic Arctic nival pattern: most runoff occurs at the beginning of the season with the onset of snowmelt, and discharge recedes rapidly as the snowpack is exhausted. In 2003, initial flow and peak discharge occurred on 19 June and 27 June in East River, and on 25 June and 30 June in West River, with baseflow conditions being met in both rivers by the second week in July (Fig. 2) . In 2004, discharge peaked on 25 June in East River and on 28 June in West River, receding to baseflow conditions by mid-July (Fig. 2) . In both years, summer precipitation was limited to several low-intensity rainfall events that produced moderate discharge responses (Fig. 2) . Table 2 summarizes some of the key climatic and limnological differences between the two study years.
Prior to the melt season, both lakes had ice cover more than 2 m thick, but open-water moats formed with the onset of the melt season in both years. A satellite image taken in mid-August 2003 revealed that East Lake was completely ice-free, whereas West Lake remained ~30% ice covered, despite a thicker initial ice-pan on East Lake (2.3 m versus 2.0 m). Field observations from 2004 suggest a similar pattern of faster ice deterioration and earlier ice-free conditions on East Lake.
Hydrochemistry
Since few records of seasonal hydrochemical variability in Arctic lakes exist, a comprehensive suite of measured variables is presented in Table 3 . Both lakes and rivers were circumneutral during the study period; the mean pH value was 7.4, with a range from 6.4 to 7.9 (Table 3) . River and lake values in each catchment were similar, and there was little evidence of seasonal variability in pH, but mean values in both lakes and rivers were higher in 2004 than in 2003. Electrical conductivity was higher in the lakes (mean = 45 μS cm -1 , n = 14) than in the rivers (mean = 27 μS cm -1 , n = 14), and both East River and East Lake had higher values than their western counterparts (Table 3) . A seasonal pattern of high EC in early to mid July, followed by a sharp decline and then gradual increase, is apparent in both lakes, whereas river profiles are less variable, tending toward higher values as the season progresses (Fig. 3) . Water column profiles of electrical conductivity, taken in the middle of the lakes (Fig. 1 ) in early July, were stable; mean values were 55.7 μS cm -1 (SD = 2.4 μS cm -1
) for West Lake and 75.7 μS cm -1 (SD = 1.4 μS cm -1 ) for East Lake (Fig. 3 ).
Ions and Metals:
In order of importance, mean concentrations of major cations and anions, respectively, were Na + > Ca 2+ > Mg 2+ > K + and Cl -> DIC > SO 4 2- (Table 3) . Ions were marginally more concentrated in the lakes than in the rivers, with the exception of DIC in the East catchment in 2003 (Table 3) . Interannual variability was limited, except that mean lake Cl -and SO 4 2-concentrations were higher in 2004 than in 2003 (Table 3) . River solute concentrations for the peak discharge period in 2003 are not available, but 2004 concentrations were stable despite marked changes in river discharge (Fig. 4) .
Of the 27 trace (dissolved) metals analyzed, those below detection levels in the majority of samples are not reported, leaving a subset of Al, Ba, Cu, Fe, Mn, Sr, and Zn (Table 3) . All values were within the range for Canadian surface waters (McNeely et al., 1979) and were relatively stable both within and between years (Table 3) .
Major Nutrients: Nutrient data indicate generally higher concentrations in West Lake than in East Lake. Conversely, East River was more nutrient-rich than West River, and overall, higher concentrations were found in the rivers than in the lakes (Table 3) . With respect to nitrogen, TKN (a measure of reduced forms of nitrogen, principally ammonia and amino forms of organic nitrogen) was most abundant, followed by PON, NO 3 NO 2 , and NH 3 (Table 3 ). While concentrations of NO 3 NO 2 were higher in West Lake than in East Lake, this pattern was not reflected in the rivers, where concentrations in East River exceeded those in West River. In 2003, high early-season PON concentrations in West River coincided with the peak flow period, and lake concentrations also appeared to be elevated during this time (Fig. 5) . A similar early-season increase in PON was not apparent in the East River, where sampling was initiated more than two weeks after peak flow. However, sampling in East Lake in 2003 did capture the peak runoff period, and PON concentrations remain stable during this period. In 2004, seasonal profiles of nitrogen species revealed higher N concentrations (especially PON) in both rivers that coincided with the peak discharge period. However, there is no evidence of this pattern in the corresponding lake profiles (Fig. 5) . In both years, DIN, which includes the most readily assimilated nitrogen forms (ammonia and nitrate) necessary for periphytic and macrophytic growth, was higher in West Lake than in East Lake or either river (Table 3) . Overall, a general trend toward declining TN-F concentrations throughout the season is apparent in the lake profiles of both years (Fig. 6a) . No data are available for the peak discharge period in 2003; in 2004, however, TN-F concentrations in both rivers increased during the peak discharge ) and were substantially higher in East Lake (mean = 1.9 μg l -1 ) than in West Lake (mean = 1.0 μg l -1 ). Chl-a levels were also higher for both lakes in 2004 (mean = 1.8 μg l ). In all cases, there was a gradual increase in lake Chl-a concentrations during the season, and except for West Lake in 2004, all seasonal trends appeared to be declining by the end of the sampling period (Fig. 6e) . River Chl-a has been omitted because of the high error associated with the abundant detrital matter in river runoff.
Nutrient ratios were calculated to provide insight into the potential controls on aquatic productivity. Mass TN:TP ratios greater than 17 suggest the system may be P-limited, whereas ratios below 14 suggest that N is the limiting nutrient (Downing and McCauley, 1992) . For Cape Bounty, TN:TP ratios ranged from 6 to 55, with a mean of 19 (Table 3) . While 34% of samples suggested that productivity would be limited by P, the greatest proportion (39%) of samples fell between 14 and 17, suggesting that both P and N are in limited supply in these systems. When TN:TP molar ratios are considered (Guildford and Hecky, 2000) , over 70% of samples were either N-or P-limited, with a further 20% suggesting P limitation (< 20 = N limited, 20 -50 = either N or P limited, > 50 = P limited; Table 3 ). period before tapering off through the remainder of the season (Fig. 6a) .
The majority of phosphorus was in particulate form, with higher concentrations in the river samples than in the lake samples (Table 3) . Since most particulate phosphorus is unavailable for biological activity, SRP and dissolved P (TP-F) are more relevant when considering nutrient availability (Hamilton et al., 2001; EMAN-North, 2005) . The majority of SRP concentrations were at or below the detection level of .002 mg l -1 . The mean TP-F concentration was .009 mg l -1 and differed only marginally between sites. However, both lakes and rivers had higher TP-F means in 2003 than in 2004. Seasonal profiles are inconsistent, and except for West Lake in 2003, they do not appear to be influenced by river discharge (Fig. 6b) . Overall, TP-F concentrations span a range similar to those found in a suite of 46 ponds and lakes sampled elsewhere on Melville Island (Keatley et al., 2007) .
The most abundant carbon fraction for both rivers and lakes was DIC (mean = 3.2 mg l -1 ), followed by DOC (mean = 1.6 mg l Table 3 ). Mean DIC and DOC concentrations in the lakes and their respective rivers were similar for both years, whereas POC was consistently higher in the rivers than in the lakes. Carbon fractions are generally highest in early season, with greater seasonal variability in 2003 than in 2004 (Fig. 6c, d) . 
DISCUSSION
Regional Controls on Limnology
Chemical analyses of the lakes indicate generally similar limnological conditions. The Cape Bounty lakes are less alkaline than many Arctic lakes because the carbonate bedrock that predominates through much of the region is absent. In addition, conductivity measurements indicate that the Cape Bounty lakes are dilute (mean = 37 µS•cm -1 ) compared to lakes elsewhere in the region (e.g., Hamilton et al., 2001; Lim et al., 2001; Antoniades et al., 2003a) , including 46 shallow lakes and ponds from Melville Island (Keatley et al., 2007) . This dilution is likely due to the combined effect of relatively large catchments, which drain more sparsely vegetated upland areas, and rapid runoff, which limits the contact time of dilute snowmelt with potential solutes (Schindler et al., 1974a; Lim et al., 2001) . Relatively sparse catchment vegetation is also suggested by low DOC values (Pienitz et al., 1997) : those at Cape Bounty (1.6 mg l for areas that are larger or more sparsely vegetated or both (Lim et al., 2001; Michelutti et al., 2002; Antoniades et al., 2003b; Lim and Douglas, 2003; Keatley et al., 2007) . A significantly higher DOC value (10.4 mg l -1 ) obtained from a pond situated on a more densely vegetated plateau between the lakes (K.A. Stewart and S.F. Lamoureux, unpubl. data, Fig. 1 ) further supports this conclusion. Low dissolved organic carbon concentrations at Cape Bounty suggest an increased susceptibility to UV-B penetration (Pienitz and Vincent, 2000) than is typically found in Arctic lakes and ponds (Hamilton et al., 2001; Michelutti et al., 2002; Antoniades et al., 2003b; Lim and Douglas, 2003) , although there are exceptions associated with sparsely vegetated catchments and deeper basins, where DOC is more dilute (Lim et al., 2001 (Lim et al., , 2005 Keatley et al., 2007) .
The prominence of Cl -and Na + in lakes and ponds across Melville Island (Keatley et al., 2007) extends to Cape Bounty and may reflect the proximity of sites to the coast and the resulting influence of sea spray (Wetzel, 2001) . Alternatively, as the Cape Bounty watersheds contain widespread ground ice, late summer melt of the ice may have mobilized water with high solute levels (M. Lafrenière and S.F. Lamoureux, unpubl. data) which could be derived from the widespread marine sediments at elevations below c. 100 m a.s.l.
While larger Arctic lake systems tend to be more nutrient-limited and have lower productivity than smaller aquatic systems (Hamilton et al., 2001 ), this is not exclusively the case at Cape Bounty. For example, the mean concentration of TKN (generally the most abundant biologically available nitrogen species) was lower (0.171 mg l -1 ) in the Cape Bounty lakes than in small lakes and ponds surveyed across Melville Island, Banks Island, Bathurst Island, and elsewhere in the eastern Arctic Archipelago (Hamilton et al., 2001; Lim et al., 2001 Lim et al., , 2005 Keatley et al., 2007) , but higher than mean values from small lakes and ponds from Victoria Island, Ellef Ringnes Island, and Devon Island (Michelutti et al., 2002; Antoniades et al., 2003b; Lim and Douglas, 2003) . Phosphorus is more difficult to compare because of its extremely low soluble concentrations and susceptibility to contamination, but mean total dissolved phosphorus concentrations (9.25 μg l -1 ) in the Cape Bounty lakes were comparable to those in smaller lakes and ponds from Melville Island (Keatley et al., 2007) and Victoria Island (Michelutti et al., 2002) , but higher than mean concentrations from other Arctic island sites (e.g., Hamilton et al., 2001; Lim et al., 2001 Lim et al., , 2005 Antoniades et al., 2003a; Lim and Douglas, 2003) .
Allochthonous and Autochthonous Sources of Particulate Nutrients
The high particulate nutrient concentrations indicated in PN, POC, and TP fractions were within the range reported for other Arctic sites, but likely reflect the greater potential for nutrient transport associated with the high-energy spring runoff in large systems (whereas in smaller systems, autochthonous productivity plays a larger role). This interpretation is also suggested by higher particulate concentrations in the river than in the lake samples. In addition, POC:Chl-a ratios (mean = 555) suggest a predominantly allochthonous carbon source (i.e., a ratio greater than 100; Eppley et al., 1977) , with the exception of the last sample in East and West Lake in 2004 (i.e., the only samples with ratios less than 100). A higher proportion of allochthonous organic carbon is commonly found in Arctic freshwater systems with low productivity (e.g., Hamilton et al., 2001; Lim et al., 2001; Keatley et al., 2007) . The shift to a predominantly autochthonous carbon source at the end of the 2004 sampling period is attributed to minimal runoff inputs and increased lake productivity with diminished ice cover. Generally lower ratios of POC:Chl-a in East Lake compared to West Lake might be a response to the earlier deterioration of lake ice and larger littoral zone in East Lake, which expose the most productive area of the lake sooner. The late-season change to 
Controls on Aquatic Productivity
Calculated TN:TP ratios did not conclusively point to either N or P as limiting, and they suggest that an increase in one or the other would not be sufficient to boost productivity. The relatively high TN:TP ratios at Cape Bounty are common in oligotrophic systems and reflect the nutrient sources of undisturbed watersheds, which export more N than P (Downing and McCauley, 1992) . Poor correlations between N or P and Chl-a in lakes and ponds across the High Arctic are common and point to factors other than nutrient limitation as controls on primary productivity (e.g., Lim et al., 2001; Michelutti et al., 2002; Antoniades et al., 2003a; Keatley et al., 2007) . At Cape Bounty, higher nutrient concentrations and lower Chl-a levels in West Lake than in East Lake suggest the same interpretation. Although parallel increases in Chl-a and air temperature further suggest temperature may be controlling productivity, Chl-a concentrations were higher in 2004, when mean air and water temperatures for the sampling period were lower (air 2.3˚C and water 1.9˚C) than in 2003 (4.1˚C and 2.5˚C). Hence, we propose that greater inflow and the consequent earlier ice breakup in 2004 advanced and prolonged the lake growing season, resulting in greater aquatic productivity. In addition, greater turbulence due to higher discharge likewise produced a more favourable environment for planktonic productivity.
Chl-a levels from East Lake were almost twice those of West Lake in both years. Field observations indicate the presence of a late-lying snowbank that drains through a densely vegetated slope on the north shore of East Lake, and more frequent observations of fish along this shore area provide anecdotal support that East Lake is more productive. However, nutrient concentrations are higher in West Lake, a fact that might be attributed to a more vegetated West catchment (Atkinson and Treitz, 2007) and the associated potential for greater nutrient transport. However, this explanation is not supported by our data, which indicate higher nutrient concentrations in East River than in West River. Instead, higher Chl-a levels and lower nutrient concentrations in East Lake suggest nutrients were more readily sequestered for primary production there than in West Lake (Wetzel, 2001 ). This idea is further supported by West Lake's higher levels of DIN, the most readily assimilated forms of nitrogen (NO 3 NO 2 + NH 3 ), in both years.
Basin morphology might account for the difference in lake productivity, as East Lake is slightly shallower and has a greater surface area than West Lake. As a result, water temperatures are higher and the littoral zone notably broader than in West Lake. In addition, East Lake experienced greater inflow and earlier lake-ice deterioration and breakup, thus gaining pelagic habitat sooner and for longer each growing season than West Lake. Hence, the hypothesis that higher discharge and earlier ice breakup in 2004 resulted in greater primary productivity (Chl-a) than in 2003 is further supported by the fact that productivity was higher in East Lake than in West Lake in both years.
Our observations support the strong influence of lake ice on Arctic aquatic productivity proposed by Brylinski and Mann (1973) and advanced by Smol (1983) . Climate amelioration and associated changes in the length of the growing season are considered the primary cause of recent changes in algal and invertebrate assemblages across the circumpolar Arctic . Aquatic ecosystem changes associated with other factors, such as elevated atmospheric nitrogen deposition, have also been attributed to a synergistic effect with warmer climatic conditions (Wolfe et al., 2006) . However, distinct responses to nutrient enrichment without apparent changes in ice cover have also been observed (e.g., Schindler et al., 1974a; Douglas et al., 2004) , suggesting that although lake ice conditions limit productivity, they do not exclusively control it.
The Influence of River Runoff on Lake Water Chemistry
An influx of dilute runoff during the peak flow period did not dilute the lake water, which was more solute-rich than the river water. The gradual increase in river solute concentrations through the 2004 season, despite a decline in discharge, revealed an inverse relationship commonly observed in Arctic catchments (e.g., Stewart et al., 2005) . This pattern implies that the spring freshet is not an important mechanism for solute delivery. However, gradual increases in solute concentrations over the season were offset by higher spring discharge; as a result, the highest flux rates of solutes occurred early in the season. In other systems, the limited impact of inflow on lake solute concentrations has been attributed to the fact that dilute runoff does not mix readily with the denser, solute-rich lake water below; instead, the dilute inflow travels over or just under the lake ice and is eventually lost as outflow (Schindler et al., 1974b; Bergmann and Welch, 1985) . At Cape Bounty, density differences likewise inhibited mixing, but in this case high spring discharge and suspended sediment concentrations generated underflow conditions (Cockburn and Lamoureux, 2008b) . The impact of subsequent increases in solute concentrations in runoff as the melt season progressed were mitigated by a decline in discharge (i.e., reduced solute fluxes), thus minimizing the impact of increased mixing on lake concentrations as the lake ice disappeared.
The dilute nature of snowmelt captured in the 2004 seasonal trend of electrical conductivity in river runoff was likewise not reflected in the lake water chemistry. Whereas seasonal trends in ion concentrations were more subtle and gradual, lake-specific conductance indicated a distinct early-season peak. The subsequent melting of dilute lake ice and influx of dilute runoff might account for the sharp decline in lake conductivities at mid-season. A trend toward higher conductivities late in the season likely reflected greater exposure to melting channels and slopes, combined with mixing and loss to outflow of dilute lake ice. The absence in the lake profiles of higher conductivity in water at depth than at the surface may be the result of collecting profiles early in the season, while the lakes were still largely ice-covered.
Nutrient flux calculations for 2004 demonstrate a strong seasonal pattern that paralleled discharge, but as was the case with ions and electrical conductivity, fluxes were not reflected in lake concentration changes (Fig. 7) . In addition, seasonal changes in river particulates (PON, POC, TP) did not translate to the lakes. These findings were consistent with the relatively large existing stocks of nutrients in the lakes compared to the seasonal river influxes. However, we know that allochthonous contributions were the primary source of organic carbon to the lakes, and evidence of the hydrologic inflows can be seen in nutrient trends from 2003, particularly for West Lake (Fig. 6) .
Melt Intensity and Lake Water Chemistry
The apparent connection with river runoff in 2003 and disconnection in 2004 may be a response to the damming and ponding of snowmelt that delayed streamflow in West River in 2003. Flow began almost one week later in West River in 2003 because lower melt temperatures resulted in greater ponding behind snow dams in the more deeply incised channel of West River (Cockburn and Lamoureux, 2008a) . In contrast, higher melt temperatures in 2004 produced a rapid melt that initiated streamflow without significant ponding, thus overriding differences in channel morphology. As a result, the timing of initial streamflow, peak discharge, and return to baseflow conditions were similar in the East and West rivers in 2004.
Slower melting and subsequent ponding due to low melting temperatures in 2003 increased the contact time with solutes, while maintaining hydrological connectivity over a greater proportion of the catchment for a longer time, thus producing a more solute-rich runoff. The important role of melt intensity is also evident in higher particulate nutrient (POC, PON) concentrations in West River and Lake samples in 2003 compared to 2004, while particulate nutrient concentrations in the East catchment samples remained stable between the two years, despite notably higher discharge in 2004.
The differential response in lake water chemistry in the two years suggests that melt intensity is an important mechanism for the delivery of nutrients to the basin. Nevertheless, calculated turnover rates of water and nutrients demonstrate a strong sensitivity to annual discharge, whereby replacement times based on 2003 data are approximately twice as long as those based on 2004 data (Table 4) . Hence, slower melt and ponding in the channel had a discernable impact on the surface water chemistry, but overall nutrient fluxes were higher with increased discharge, albeit as underflows and not immediately available in the photic zone. Thus, the implications of hydroclimatic change for the aquatic ecosystems may be different over different timescales.
Evidence suggests that the character of spring runoff has changed in recent decades (Serreze et al., 2002; Déry and Wood, 2005) . Advances in the timing of streamflow may be accompanied by a less intense melt due to lower earlyseason melt temperatures, resulting in greater nutrient fluxes. Conversely, higher temperatures and a more rapid melt may lead to a fragmented snowpack, thus diminishing the spatial extent and connectivity of runoff and reducing the potential for nutrient transport. These hydrological factors will be balanced against a greater availability of nutrients due to enhanced terrestrial productivity and a deeper active layer, changes in soil storage, and enhanced snow ablation and melt-season evapotranspiration. Opposing trends in nutrient delivery, suspended-sediment concentrations, and lake turbidity hold additional implications for the lake ecosystem through changes in allochthonous nutrient contributions, lake mixing and nutrient re-suspension, and light regimes and UVB exposure.
CONCLUSIONS
The relatively dilute character and low nutrient concentrations in both East and West Lake may be due to the combined effect of two factors: first, the majority of runoff occurs while the ground is still frozen, and second, the relatively short growing season and lake-ice cover limit nutrient recycling and productivity. Differences between the Cape Bounty lakes and other Arctic sites are largely explained by geological setting and basin and catchment morphology. Though the East Lake and West Lake systems are similar, they have important differences that may lead them to respond differently to changing hydroclimatic conditions. The influence of channel morphology on the timing and intensity of runoff appears to be dependent on melt conditions. Whereas a less intense melt season in 2003 resulted in more meltwater ponding in the deeper channels of West River and a delay in spring runoff compared to East River, a more intense melt in 2004 initiated streamflow rapidly and produced very similar discharge patterns in both catchments. In addition, slower melt conditions and subsequent ponding in 2003 (which increased nutrient accumulation in stream water) had a discernable impact on seasonal lake nutrient trends, particularly in West Lake. Despite this impact, overall nutrient fluxes were higher in 2004, when discharge was greater but underflow conditions prevented immediate mixing with surface waters. Hence, the importance to discharge of melt conditions and site-specific controls (i.e., channel morphology) differs in the two basins over the short and the long term, with uncertain implications for the aquatic ecosystem.
Differences in basin morphology dictated the timing of ice breakup and revealed the greater potential for primary productivity in East Lake. A longer ice-free season may elevate the importance of nutrient availability and shift greater productivity to West Lake. Furthermore, a trend toward earlier, more protracted melt seasons that result in greater channel ponding might further enhance productivity in West Lake compared to East Lake.
